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Abstract: We study rigidly rotating strings in the near horizon geometry of the 1+1 
dimensional intersection of two orthogonal stacks of NS5-branes, the so called I-brane 
background. We solve the equations of motion of the fundamental string action in the 
presence of two form NS-NS fluxes that the I-brane background supports and write down 
general form of conserved quantities. We further find out two limiting cases corresponding 
to giant magnon and single spike like strings in various parameter space of solutions. 
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1. Introduction 

The AdS/CFT duality Q relates the spectrum of free strings in the bulk to that of field 
theory operators living on the boundary of AdS. Though finding the full string theory 
spectrum is extremely difficult it has been observed that in certain limits, for example, 
in large angular momentum limit the theory becomes tractable [|| and it is interesting to 
study the corresponding field theory in detail. It has been noticed that in this region one 
can use the semiclassical approximation to find the string spectrum as well Q. Further 
an interesting observation is that the N = 4 SYM in planar limit can be described by 
an integrable spin chain model where the anomalous dimension of the gauge invariant 
operators were found in [Q, ||, ||, |7], ||], and it was also noticed that the string theory is 
integrable in the semiclassical limit, see for example [l0|, [y], |i~2| ]. 

Study of rigidly rotating string in semiclassical approximation has been one of the 
interesting areas of research in the last few years because of its elegance. In this connection 
the so called Hofman-Maldacena (HM) limit 1 simplifies considerably the problem of 
finding out the spectrum on both sides of the duality. The spectrum consists of an elemen- 
tary excitation known as magnon which propagates with a conserved momentum p along 
the spin chain. Further, a more general class of rotating string solution in AdS$ is the spiky 
string which describes the higher twist operators from dual field theory view point fi~4T| and 
magnon solutions can be thought of as a subspace of these spike solutions. Infact it was 
further determined in [15] that if one solves the most general form of equations of motion 



1 The HM limit: J —¥ 00, A = fixed, p — fixed, E — J — fixed, where J is one of the SO(6) charges and 
p is the magnon momentum. 



- 1 - 



for a rigidly rotating string on a sphere one encounters two set of solutions, corresponding 
precisely to the giant magnon and single spike solutions. 

To understand the AdS/CFT like dualities in more general backgrounds, it is instruc- 
tive to study rigidly rotating string in the gravity side which will teach us the correspond- 
ing operators in the dual field theory side. In this connection, magnon like dispersion 
relations have been found out in backgrounds which arise from intersecting branes in su- 
pergravities and which asymptotes to AdS and non-AdS backgrounds, see for example 

2, EI El I 



|16, 17, pL 19, 20, 15, 21 



26, 27, 25, 29, M, 31, 32, 33]. One of such 



background is the so-called I-brane background [34| that arises in the 1+1 dimensional 
intersection of two orthogonal stacks of NS5-branes, with one set of branes lying along 
x , ■ ■ ■ , x 5 ), and other set of lying along 



^y>0 /IT* 6 



x 9 ) directions. When all five 



branes are coincident, in the S-dual picture, the near horizon geometry is given by 



R x x SU(2) fcl x SU(2) fc2 , 



where, Rj, is one combination of the radial directions away from the two sets of NS5 
branes, and the coordinates of R 2,1 are x ,^ 1 and another combination of the two radia 
directions. The two SU{2)s describe the angular three-spheres corresponding to (R 4 ) 



2345 



As mentioned in [34] this geometry has the interesting property that it 



and (R 4 ) 6789 . 

exhibits a higher symmetry than the full brane configuration itself. In particular, the 
combination of radial directions away from the intersection that enters in R 2,1 appears 
symmetrically with the other spatial direction, and the background has a higher Poincare 
symmetry, ISO(2, 1), than the expected ISO(l, 1) and twice as many supercharges one 
might expect. Furthermore, in 



37, B8[, these interesting properties were studied 



from the point of view of Dl-brane probe. It was shown that the enhancement of the near 
horizon geometry has clear impact on the worldvolume dynamics of the Dl-brane probe 
dynamics. 

In this paper, we would like to study the solutions of rigidly rotating strings in the 
near horizon geometry of this interesting background with an emphasis on finding out 



spiky strings. Earlier in [27] a class of such rigidly rotating strings were studied and 
some interesting solutions were obtained. In this paper we wish to find out solutions 
corresponding to the usual giant magnon and single spike solutions on Rt x S ?J and R x 
S 3 x S 3 in the presence of various background NS-NS fluxes that it supports. Even though 
we can not compare our results to the dual field theory which is not completely known, 
but a knowledge of the bulk solutions gives us idea weather to look for operators in dual 
theory. The rest of the paper is organized as follows. In section-2 we give a brief overview of 
I-brane background and write down the near horizon geometry in a parametrization which 
we will use in the subsequent analysis. In section-3 we write the Nambu-Goto action for 
the Fundamental string in the near horizon geometry of I-brane, write down the conserved 
charges and compute the general equations of motion of the rigidly rotating string. Further 
we find out, in some parameter space of solution, the two limiting cases corresponding to 
giant magnon and single spike like strings corresponding to open string boundary condition. 
Finally in section-4 we conclude with some remarks. 
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2. Review of near horizon geometry of I-brane 



In this section we would like to give a brief review of the near horizon geometry of the 
I-brane which arises from the 1+1 dimensional intersection of two orthogonal stacks of 
NS5-branes. This background arises when k\ number of NS5-branes lying along (0, 1, • • • , 5) 
intersect k 2 number of NS5-branes lying along (0, 1, 6, • • • , 9) directions in (0, l)-plane. If 
the branes are coincident, then the supergravity solution is given by [34] 

5 9 



ds 2 



-(dx°Y + {dx l Y + H x {y) ]T (dy a ) 2 + H 2 (z) £ (dz^f, e 2 * = H x {y)H 2 {, 

p=6 



Q = 2 



H, 



a/3-y 



-e a p lS dPHi{y), R, 



kd 



mnp 



-e m npqd q H 2 (z), Hi = l+ 



H 2 = l + 



kol 



2>>s 



£(»' 

a=2 



\ 



(2.1) 



In the near horizon limit the 1 in the Harmonic functions above can be neglected and the 
metric and NS-NS (B^ u ) fields are given by 2 



ds 2 



,dr 



dr 2 



-(dx°) + (dx 1 ) + h%-± + hiUn 2 + k 2 l 2 ^- + k 2 l 2 dn 

rf ' r i 

2k\l 2 s sm 2 Q\ , Bfafa = 2k 2 l 2 sin 2 9 2 , 



(2.2) 



where 

dttj = dOx 2 + sin 2 6>i#i 2 + cos 2 MV>i 2 , <K% = d6 2 2 + sin 2 6 2 d<p 2 2 + cos 2 2 # 2 2 - 

are the volume elements on the sphere along (y 2 ,---,y 5 ) and (z 6 , • • • , z 9 ) directions re- 
spectively. To proceed further we make the following change of variables (we choose 
l s = l,k 1 = k 2 = N) 



Pi = In 



ri 



Pi = In 



?'2 



Nt, x 



Ny . 



'N VN 

The final form of metric and the background NS-NS fields are given by 

ds 2 = N(-dt 2 + dy 2 + dp\ + dOf + sin 2 6>i# 2 + cos 2 Otdipf + dp\ + d9 2 + 
+ sin 2 2 #2 + cos 2 9 2 dtp 2 ) , = 2N sin 2 1; B^ 2 = 2iYsin 2 6 2 . 



(2.3) 



(2.4) 



We are interested in studying the rigidly rotating strings and finding out spiky strings in 
this background. 3 



This is also supported by a dilaton whose explicit form we will not need in the calculation of this paper. 
3 Recently in |39(] a PP-wave background has been obtained by applying Penrose limit on this geometry. 
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3. Rigidly rotating strings in I-brane background 

In this section we would like to study the solutions to the fundamental string equations of 
motion in the background discussed in the previous section. The Nambu-Goto action for 
the string in the background of (|2.4| ) is written as 

S = ~^f d 2 aC, (3.1) 
where the Lagrangian C is given by 



C 



it' + yy' + p lP [ + P2P2 + Mi + 0202 + sin 2 Oifa^ + sin 2 <9 2 </>2</>2 
+ cos 2 0i^i Vi + cos2 02^1 V4) 2 - ( - i 2 + V 2 + Pi + p\ + 0? + 02 + sin 2 0i0 2 i 

2_ , aj,2 , ™ c 2 fl „j',2^ / _ + /2 ,2 ,2 /2 , fl /2 fl /2 



+ sin" # 2 2 2 + cos" 0iV 2 i + cos" 2 V 2 2 ) ( - i! + y' + Pi + P2 + 0i + 02 

1/2 



+ sin 9i<p'i + sin 82^1 + cos 0iV>'i + cos 8\i\)^ 

+ 2 sin 2 0i(</>iV4 -^'i) + 2 sin 2 82(^2 " V^'2)) , (3.2) 



and vA = N is the 't Hooft coupling constant. For studying the rigidly rotating strings 
we choose the following ansatz 

t = kt, y = vr, pi=m,iT, 8i = 8i(a), 4>i = ViT + a, = ^ + i>i(<r), ^ = 1, 2 , 

(3.3) 

The Euler-Lagrangian equations derived from the above action are given by, 





~ at ' 


(3.4) 


da-^-: + dr- 
ay' ay 


a£ 
<%/ 


(3.5) 


dp- % 


a/: 


(3.6) 




a£ 


(3.7) 






(3.8) 



Next we have to solve these equations by the ansatz that we have proposed. Solving for 
t, tpi and i(>2 we get the following 

\C\v\ sin 2 8\ + C\v\ sin 2 82 + C\ui\ cos 2 2 + 2kv\uj\ sin 2 6q — a 2 C\ — kujiC^}^ cos 2 8\ 
= [kC^ — 2kv\ sin 2 8\ + C1W1 cos 2 0i][w 2 -0 2 cos 2 2 + v\ sin 2 8\ + z^ 2 sin 2 2 ], 

(3.9) 
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2q 2 2 22 2 2 i / 2 

[C\v l sin 6\ + Ci^ 2 sin 82 + Ciu^ cos 9\ + 2kv2^2 sin 62 — a C\ — koj^C^]^ cos $2 
= [kCs — 2ki/2 sin 2 02 + C\lo2 cos 2 #2][wiV4 cos 2 9\ + fi sin 2 #1 + i>2 sin 2 ^2] , 

(3.10) 



and 



-c 2 - C 2 (y\ sin 2 #1 + cos 2 9\ + sin 2 9 2 + uj2ip 2 cos2 ^2) 2 
C 2 (a 2 — v\ sin 2 9\ — v\ sin 2 6*2 — uj 2 cos 2 6>i — u 2 cos 2 6*2) 

2 2 / 2 2 / 2 2 

— sin — sin 6*2 — V"i cos 0\ — ^2 cos ^2, 



(3.11) 



where Ci, C4 and C5 are integration constants and a = -\J n 2 — v 2 — m 2 — m 2 .. Note also 
that the Lagrangian is invariant under the following transformation of the fields, 

t'( T , a) = t(r, cr) + e t , y'(r, cr) = y(r, cr) + e y , (r, cr) = pi (r, cr) + e pi 

( T > °) = Pi ( T > °") + e P2 ) 01 ( T ; a ) = 01 ( T , °") + £0! , 02 ( r > cr ) = 02 (T, cr) + , 

i>'\ (t, o") = V>i (r, o") + , V 2 ( T > °") = V>2 (t, cr) + e</, 2 , 

(3.12) 

where et, e y , e pi , e P2 , e^, e^ 2 , e^, e^ 2 are constants. Hence the rigidly rotating string has 
a number of conserved charges, namely the total energy E, angular momenta J\, J2, K\ 
and K2 corresponding to the translation along fa, fa, fa an d fa directions respectively. 
The Conserved charge P y , D\ and D2 are due to the translational invariance of y, p\ and 



p2 coordinates respectively. Now looking at ( 3.11 ), it is very hard to solve the equation in 
complete generality. Below we will look for solutions in some limits of 9\ and 62- 

3.1 For 6 2 = and 0\ = 9 

In this section we wish to study the case when the string is constrained to rotate only one 
one sphere, effectively making the string dynamics on Rt x S ?J . In this case the equation 
of motion simplifies considerably. We have to essentially solve the following two equations 

22 2 22 i/2 

[C\v l sin 9 + CiU! 2 + 2k^icji sin 9 — a C\ — KUJiC^ipi cos 9 
= [kC^ — 2kv\ sin 2 8 + C\uj\ cos 2 9\[uj2fa + v \ sin 2 9], 

(3.13) 

\C\v\ sin 2 9 + C\uj\ cos 2 9 - a 2 C\ - K^C^fa = [kC 5 + Ciw 2 ][wiV4 cos 2 9 + uy sin 2 9], 

(3.14) 

To make things look simpler, let us define the following constants 

a = C\v\ sin 2 9 — C\a 2 , b = C\uj\ + 2kv\i>j\ sin 2 9 — kuj\C&, c = C\J\ cos 2 9 — KUJ2C5, 
d = v\ sin 2 9, e = kC^ — 1kv\ sin 2 9 + C\uj\ cos 2 9, f = kC^ + C\ui2- 

(3.15) 
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With the above identifications, ( ^9| ) and ( |3.10|) reduce to 

(a + b)4>i cos 2 9 = e(bj2^2 + d) , 
(a + c)^2 = /(^l^i cos 2 6 + d) . 

From these we can easily solve for and ip' 2 , and they are given by, 

_ de(a + c + uj2f) , . 

Vl cos 2 0[(a + 6)(a + c) -wiw 2 e/] ' { ' 

, = dfja + b + ^e) 
V2 [(o + 6)(o + c)-wiW2e/] ' 1 J 



Further ( 3.1 1] ) is now given by 



C'{ (a 2 - z/ 2 sin 2 9 — oj\ cos 2 - u? 



sin 



a/ 2 _ K 2 - Cf (l/l Sin 2 9 + WiV'i cos2 61 + W 2V4) „.„2 /) ,/2 2/j ,/5 

^yi COS C7 — ^2 

(3.18) 



2/ 



Below we will discuss two limiting cases that correspond to single spike and giant magnon 
solutions. 

3.1.1 Single Spike solution 

In the limit 9' — > as 9 — > ^, we obtain the condition 

Ci = ~^L= , (3.19) 



and — )■ as 9 — )■ 5 implies C4 = also tp' 2 — > as 9 — > 5 implies C5 = ^ . Using 

these values we get, 



and 



where 



,// _ (ui + 2y/a?-u$)v 1 sin 2 9 

i/f sin 6 1 — 2wi -Wj cos z 9 + ui 2 — a, 

^2 = 0, (3.21) 

(3.22) 



, \/ 3 ( w i ~~ ^ 2 )(° 2 ~ w l) cosflsin^Vsin 2 9 - sin 2 6> 



v\ sin 2 — 2wi \J 0? — uj'2 cos2 6* + <^2 — a 2 



2 „ a 2 + 4w 2 — Wo + 4a?i J a 2 — 
sm #o = — -g 2T^ • 

Now we can calculate the conserved quantities as, 

E = -2T ^ -— = ~^~^\. / f dgsing (3 23) 

Je 0' dt (a 2 - a; 2 2 ) V3(a; 2 - v{) Je cos flVsin 2 9 - sin 2 9 ' 

P =2T T —— = ^T(a 2 -^-aj) /-5 rfflsinfl 
y A, ^ 9y (a 2 - W 2 2 )V3K-^i 2 )A) costfvWtf-sin 2 ^ ' 
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> 2 — v\ — ujT) f 2 d6 sin 6 



le & dpi [a 2 - u$)y/3(wl - v'() Je cos 6y^? - shr Vl 



^2 = 2T / — — = — 9x / : _ , (3.26) 

cos v sin — sin 0q 



6»' api 


(aa-^)V3K 


-u'i) 


dd dC 


2m 2 T(a 2 - i/ 2 - 


u 2 ) 




(a 2 -o; 2 )V3K 




mlar momentum K 2 is given by, 


dd dC 


2w 2 T(a 2 - z^ 2 - 




0' d^ 2 


(a 2 -^ 2 )^ 2 





,2 a -2. 



(3.25) 



K 2 = 2T T = ^' 2±K " ~" ] I ' d()s[nd . (3.27) 

Je G' di>2 {a>-<4)y/Z{J(-v() Je cosflyW - sin 2 O 

They all diverge, their combination however can be written in as, 

V " 1 2 2 v '3(wf-i/f)(a 2 -^) 4 cosOVsin'O-sm 2 ^ 

The so called deficit angle A0 also diverges, but the quantity 

A<£' = A</> + 1 ^E 2 -P 2 -D 2 -D 2 -K 2 = 29 -tt (3.29) 

is finite. The regularised angular momenta Ji and K\ are given by, 



Ji = Ji - 



2,, ^ + 2^Hg) _ _ ^ _ 2 _ 2 
(a 2 -v(-ojI) V « 1 ^ 1 

-2^T(4wi + - u 2 ) 

= COS #0 , 

^(a 2 -co 2 )(co 2 -v 2 ) 



(3.30) 



* = *i - 2jE 2 -P 2 -D 2 -D 2 -K 2 = ^V^ff^f - . 



V3(a 2 -^ 2 )(a; 2 - Z , 1 2 ) 



(3.31) 



If we define J\ = — J, then it is easy to show that the angular momenta J and K\ satisfy 
the following relation (for the parameters co 2 = 0, a = v\ ), 



' \ h ' S sil,2 (5 e ° ,:L:!2i 



Note that this expression matches exactly with the ones derived in [33]. We wish to stress 
that in the present case the problem essentially reduces to that of rigidly rotating open 
string in the NS5-brane background. 

3.1.2 Giant Magnon solution 

In the opposite limiting case we get the condition a 2 = v\ + uf, and by putting C4 = 2v\ 
and C5 = — Cl ^ 2 , we obtain the following 

, (Ciu;i + 2^ 1 )sin 2 g 

= -77; \ h~R ' ^2 = » 3 - 33 

\C\V\ + 2kcji) cos^ 
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and 

6> = gWggEjgg , ( 3.3 4) 
sin 9i cos 

where 



Now the conserved quantities become 



E = _2T^-Cf) ft 

kV 3 (<*>i - v{ ) J 81 cos^Vsin 2 - sin 2 1 

p _ 2vT(k 2 -C 2 ) p d9sm9 

V3(^ 2 " k cos v^in 2 5 - sin 2 o[ ' 



2miT(K 2 -C 2 ) /•? cZ0sin0 , 

D 1 = v 17 / = , (3.37) 

k 2 ^3 (w 2 - i/f ) Je 1 cos V sin 2 6* - sin 2 6>i 

ft _ _ 2m 2 r^-C?) /* *d°» (3 38) 

k 2 V3(c^ - z^ 2 ) 7(9! cos 61 A/sin 2 - sin 2 0i 

K2 _ W-^) /' *£f . (3.39) 

«V3(w 2 - z/ 2 ) A cos0\/sin 2 0-sin 2 0! 

All these quantities diverges and their combination is given by, 
The deficit angle 

A0 = 2T / — = vr - 20! (3.41) 
is however finite. The regularised J\ is given by, 

k = J 1+ (5 " V + 2C ; KaJl " °} Ul) Je 2 - P 2 — D 2 — Dj - K 2 
y/a 2 -u 2 (k 2 -C 2 ) V « 1 2 2 

2T(4Cio; 1 + 5kz/ 1 ) 

= — cos 6*i . (3.42) 

Angular momenta K\ is once again finite and is given by, 

2r(4C^! + 

Kl = /or 2 2n cos 01 ( 3 - 43 ) 

«V 3 (^i - v{) 

To know a precise relation between the energy, angular momentum and the distance be- 
tween two end point of the string, we rescale the expression \J E 2 — P 2 — D 2 — D\ — K 2 
as follows, 

E = (5W > + 2C l KUJl ~ C } Ul) Je 2 - P 2 - D 2 - D 2 - K 2 . (3.44) 
V« 2 - uj 2 (k 2 - C 2 ) V 3/122 K ' 
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If we define J = —J%, then by looking at the form of various quantities, it is easy to derive 
(for Ci = k) 



E-J = x /Kf-^sm 2 ^ . (3.45) 



7T- 



Once again, this relationship was derived in [33], where A(f) was identified as the worldsheet 
momentum along the string worldsheet. 

3.2 For #i = 6 2 = 9 

In this subsection we wish to study the solution of the rotating string when it rotates 
around both the spheres. To make our calculations doable and simple, we will restrict 
ourselves to the case when 9\ = 62 = 9. To this end, let us define 

rt ry r\ rt O 

a = C\(vi + v 2 ) sin 9 — C\a , b = C\uj 2 cos 8 + ^ki^iloi sin 9 — KOJ1C4, 
c = C\oj\ cos 2 9 + 2KV2UJ2 sin 2 9 — KOJ2C5, d = (v\ + v-i) sin 2 9, 
e = KC4 — 2kvi sin 2 9 + C\U)\ cos 2 9, f = kC^ — 2ku2 sin 2 9 + C\ui2 cos 2 9. 

(3.46) 



With the above identifications, first two equations (3.S) and fl3.10|) reduce to 



(a + b)ip[ cos 2 9 = e(uj2ip2 cos2 9 + d) , 

(a + c)<ip' 2 cos 2 9 = /(wiV'i cos2 + d) . (3.47) 
From these we can easily solve for ip[ and tj) 2 , and they are given by, 

^1 ~ Tau — TTV? — ; — \ H ' (3.48J 

cos z 9[{a + b)(a + c) — uj\UJ2ej\ 

* = .ra^r s ■ < 3 - 49 > 

cos z t/[(a + o)(a + c) — Wi^e/J 



Further ( 3.1 1| ) is now given by 



a = * 2 - Cl [{y, + V2) ^9 + („M + agg) cos 2 g] 2 _ 2 _ 1 / 2 2 x 2 
2C 2 [a 2 - [y\ + v\) sin 2 9 - + w 2 ) cos 2 0] 2 V 1 ^ 2 ) 

(3.50) 

Below we will discuss the different limits that correspond to the single spike and giant 
magnon solutions. 

3.2.1 Single Spike solution 

In the limit 9' — > as 9 — > ^, we obtain the condition 

C X = K{Ul + V2) , (3.51) 
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where ot\ = sjlo? — (i>\ — u 2 ) 2 and ip[ — > and ip' 2 — > as 9 — > § implies C4 = 2u± and 
C5 = 2^2 respectively. Using these values we get, 

, / _ (Ciui + 2kvi ) (vi + v 2 ) sin 2 9 

^ ~ d {v\ + i/2) sin 2 9 - Cia 2 - 2 K « 2 cos 2 9 ' 1 J 



and 

(Ciw 2 + 2kz/ 2 )(^i + v 2 ) sin 2 6* 
Ci (z^ 2 + sin 2 - Cia 2 - 2ko 2 cos 2 
where a 2 = ^1^1 + v 2 oj 2 . Now the equation for can be written down as 



,/ _ {^1^2 ~t~ zam^m^i -t- ^ 2 ; sin p 



4 sin 9 cos #\/sin 2 6* - sin 2 9o 
~ Jyi + i/ 2 )(i/ 2 + vl) sin 2 9 - 2 ai a 2 cos 2 6> - fa + z/ 2 )a 2 ' 
where 

sin 2 O = ^ [(^1 + ^2)a 2 + 2aia 2 ] 2 , (3.55) 

with 

h = fa + v 2 f\{y\ + vl)(2o? - 4a 2 ) - a\{uj\ + wf)] + %a\a\ + 4aia 2 (i>i + u 2 )fa - u 2 f . 

(3.56) 

Now we can calculate the conserved quantities as 

^d9dC ^T{u 1 + u 2 ){a 2 -vl-ul) d9sm9 



E = -2T 



r 2 d9 sing 5 

e e ' di Jh ai J o cos0Vsm 2 g-sin 2 9 ' 



V Je 0' dy ^Jh ai J eo C os^Vsm 2 e-sin 2 Tq 



L>i = 2T 



2 d£ _ Am{Tfa + z/ 2 )(q 2 - z/ 2 - v\) /"* rf6> sin ^ 

, ^1 /| ai A, cosflvWfl- sin 2 6> ' 



D 2 = 2T / § -— = 4m 2 T(^ + ^)(a 2 -i/ 2 -i/ 2 2 ) ft d9 sin 9 

2 Jo Q 0> dp 2 Jh ai Jo cos 9^sm 2 9 -sin 2 9 ' 



All the conserved quantities E, P y , D\ and D 2 described above are infinite. For our later 
use, we define the following rescaled quantity, 

E 2_ P 2_ D 2_ D 2 = 4«T(, 1 + u 2 )(a 2 - uj - 4) [1 d9sin9 (g ^ 

. fh n . Jda cos6K/sin 2 9 - sin 2 0n 



_ 

Now the Deficit angle is defined by Ac/> = 2 f e 2 ^ is infinite but 



A0' = + ^^E^fJ^d[^dI = 29 - tt 

(3.62) 
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is finite. Similarly the regularized J±, J 2 , K±, and K 2 are given by 



j l = Jl _ [(^1 ~ ^)(« 2 ~ v\ ~ v\) + goio^i + t/ 2 ) + 4a^i] _ P 2_ D 2_ D 2 

2a(a 2 — v\ — v 2 ) » s/ 1 2 

2T(^1 + Z^ 2 ) COS #0 r/ w 9 9n / x ^ / 9 „ 9n n 

- [fo - f + f|) + 2aiwi(i/i + i/ 2 ) + 2i/i(a 2 + 2a?) + 2aia 2 ] , 



(3.63) 



J 2 = j 2 _ [fo ~ ~ "1 ~ ^2) + 2ai^ 2 (^i + V2) + 4af^ 2 ] /^ 2 _ P 2 _ D 2 _ D 2 

2a(a 2 — v\ — v 2 ) V y 1 2 

ITiv} +i/ 2 )cos#n r . , . 9 9n . . , o 9x n 

- [(^1 " V2)iy\ l+ + 2aiw 2 (^i + zv 2 ) + 2i/ 2 (a 2 + 2a 2 ) + 2aia 2 ] , 



(3.64) 



Ki = 2Tco * 9 ° [(^ + z^ 2 )(aiwi + 2(2*/ 2 + v x v 2 + z^ 2 2 )) + 4aia 2 ] , (3.65) 

h 
2 

K 2 = 2TC0 * 9 ° [{ Vl + ^ 2 )(aiw 2 + 2(y\ + + 1v\)) + 4aia 2 ] (3.66) 
/ — 

V 2 

where Ki = K t - ^^E 2 - P 2 - D 2 - D 2 , with i = 1,2. Now if define J = J x - J 2 and 
K = K\ — K 2 then we obtain, 



where 

3 = [2(i/ 2 - ^i)(a 2 - - ff + 2a 2 ) - 2ai(wi - w 2 )(i>i + v 2 )] 2 

- [2ai(uf - vl) + a 2 (wi - uj 2 )} 2 
h = {ui + V2) 2 [(v\ + ^)(2a 2 - 4a 2 ) - a 2 (w 2 + + 8a 2 a! 

+4aia 2 (^i + ^2X^1 - z^) 2 • (3.68) 

Few comments are in order. The dispersion relation obtained has complicated prefactor 
multiplied with ^ can be attributed to the fact that this dispersion relation is not of a 
single spike when the string rigidly rotates around the sphere, but is supported by a large 
number of other charges including that of NS-NS B-field which supports the background 
and the fundamental string knows the presence of such charges through the open string 
boundary condition. Furthermore the presence of charges like D\ and D 2 do not imply any 
new interpretation of the dispersion relation. It simply reflects the fact that the motion of 
the string in the radial direction in the near horizon geometry of I-brane is free. 
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3.2.2 Giant Magnon solution 

In the opposite limit corresponding to the one just described above, we get 



2 2,2 

a = v x + f 2 , 



and by putting C4 = 2v\ and C5 = 2v 2 we get 

{y\ + i^2)(Cia;i + 2kv\) sin 2 (9 



V4 



/3cos 2 

(1/1 + i/ 2 )(C l ia;2 + 2kv 2 ) sin 2 g 
/3cos 2 # 



where f3 = 2kv\uj\ + 2ku 2 oj 2 + Cia 2 and 

, sin 9 1/ sin 2 6* - sin 2 6>i 



sin t^i cos ( 



(3.69) 
(3.70) 

(3.71) 



where sin 2 6\ = and 



/ii = (fi + ^ 2 ) 2 [(k 2 - CfXa 2 - wf - w|) - (Ciwi + 2k^) 2 - (C1W2 + 2ki/ 2 ) 2 ] + 2/3 2 



The conserved quantities are 

2T{v 1 + v 2 ){k 2 -C 2 ) 



f? = -- 



dO sin ( 



6»i cos^A/sin 2 ^ - sin 2 9i 



2vT{u 1 + u 2 ){k 2 -C 2 ) [2 



r 

Je, 



d6 sm9 



D, 



D 2 



' '111 Je 1 cos#\/sin 2 6 - sin 2 61 ' 

2m 1 T(u 1 + u 2 ){k 2 - C 2 ) /"f d#sin# 

i 0i cos6*\/sin 2 6* - sin 2 6\ 



2m 2 T{v l + u 2 ){K 2 -Cl 



de sine 



9 1 cos#\/sin 2 - sin 2 6\ 



(3.72) 

(3.73) 

(3.74) 
(3.75) 
(3.76) 



Here also the conserved quantities E, P y , D\ and D 2 are all infinite and the rescaled 
combination can be written as, 



^ E 2_ P 2_ D 2_ Dl = 



2aT{v l + v 2 )(K 2 -CD [2 



L 



d9 sin 9 



0i cos^A/sin 2 e - sin 2 9\ 



(3.77) 



The deficit angle Acp is however finite and is given by 

de sin #1 cos 1 



A</> = 2 



2 de 12 
2 



1 J 0i sin^A/sin 2 - sin 2 #1 



vr - 2^i . 



(3.78) 
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The regularized J\ and J 2 are given by, 



(3.79) 



and 



(5k 2 ^ 2 + 2Ci^ 2 ~ CfV 2 ) 
«(k 2 - C 2 ) 



J 2 = h + w 2 ^FtIv 1 V ^ 2 ~ ^ ~ D l ~ D l 



2Tcos8 1 2 



1 • * / ftl 



-[Ci/3 + (iai + V2)(5k 2 V2 + 2Cikw 2 - Cfz/ 2 )] , 



(3.80) 



The other two angular momenta are finite and are given by, 



K x = - 2Tc °l^ 1 [{v 1 + ^(ku! + 2Cin) + 2/3], (3.81) 
'hi 
2 



and 



K 2 = - 2Tcs ^ 1 [{ yi + z, 2 )(^ 2 + 2C^ 2 ) + 2/3], (3.82) 
1 hi 
2 

Similarly as before, if we define J = J\ — J 2 , K = K\ — K 2 and J = J2 — J\ then we 
obtain, 



where 

- _ 2KCi(a;i - (j 2 ) + (5k 2 - CfX^i - i/ 2 ) ^ — 
E " - Ct) V E - P v- D i- D 2' 

gi = [2kCi(wi - W2) + (5k 2 - Cl){yx - u 2 )\ 2 - [n 2 ^ - oj 2 ) + 1C x k(v x - v 2 )f 
hi = (1/1 + ^ 2 ) 2 [(^ 2 - Cl){a 2 <4) - (Ciwi + 2k^) 2 - (C lW2 + 2/^ 2 ) 2 ] + 2/3 2 . 

(3.84) 

Once again we would like to stress that this dispersion relation must be compared with 
that in the presence of other background fields. It will be really a challenge to find the 
dual states in the corresponding field theory side. 
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4. Conclusions 



We have studied in this paper the rigidly rotating strings in the near horizon geometry of 
a 1+1 dimensional intersection of two stacks of orthogonal branes, the so called I-brane 
background. We have studied the solutions of fundamental string action in this background 
in the presence of various NS-NS B-fields. Because the fundamental string couple to the 
background NS-NS field, the string dynamics knows the presence of these fluxes and the 
dispersion relation also reflects this fact. As the background in question is too difficult 
to solve exactly we have assumed first the motion of the string constrained only on one 
sphere and found out two solutions corresponding to single spike and giant magnons. This 
procedure effectively means as if we are considering the motion of the string in the near 
horizon geometry of one stack of NS5-branes. Further we have generalized the solution to 
include motion on both the spheres and write down corresponding dispersion relation for 
the giant magnon and single spike solutions. We have also remarked that these solutions 
should be compared to the ones obtained in the presence of other background fields that 
couple to the string. We have used the open string boundary condition to explicitly observe 
the effect on the dispersion relation among various conserved charges. 

There are various questions that can be persued further. As we know, the fact that 
I-brane background is an exact solution of string theory equations of motion, helps us in 
obtaining more information about the intersecting brane system itself which is otherwise 
not possible via gauge theory. It will definitely be interesting to see from a probe brane 
analysis what more information we get about the system which is apriori unknown from 
the field theory. Further it will be interesting to tell more about the existence of some 
operators corresponding to the spiky strings from the point of view of dual theory, whose 
exact nature in not known in detail. The supersymmetry of such states can be checked by 
following [26] in the bulk. Hence it will be interesting to see whether similar kind of states 
exist in the dual theory. It would also be interesting to whether such spiky strings exist as 
solutions in the world volume of D-branes. 
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